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The purpose of this study was to ﬁnd out the vulnerability of bus and truck drivers due to constant exposure of vehicle-engine
noise inside the vehicle cabin. Comparative results revealed that noise levels inside the cabin of buses and trucks were in the range of
88.6–102.4 dB and 87.95–103.4 dB, respectively. The health status of bus and truck drivers was assessed by measuring their systolic
and diastolic pressure, pulse rate, BMI, digestion problem, hearing loss, vision problem, back pain and irritation. Paired t-test of the
results revealed non-signiﬁcant (p < 0.05) relation between systolic and diastolic pressure of both bus and truck drivers. The pulse rate
of truck driver was signiﬁcantly (p < 0.01) related with noise level inside the cabin of truck. The humidity level inside the cabin showed a
positive relation with vehicle age (p < 0.01) and driving period (p < 0.01). This study clearly suggests that vehicle engine noise adversely
aﬀects the cardiovascular health of both bus and truck drivers.
 2014 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V.
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 license.1. Introduction
Noise, deﬁned as undesirable sound, is unknown to be a
stress stimulus (Mondal, 2013) that can produce acute blood
pressure (BP) elevation in animals (Baudrie et al., 2001) and
humans in laboratory or occupational settings (Andren
et al., 1983). Noise is most widely spread pollutant in work
environment and living environments (Mondal andGhatak,
2014; Tomei et al., 2000). Today noise pollution is one of the
main forms of urban environmental pollution and is
responsible for negative impacts that are harmful to thehttp://dx.doi.org/10.1016/j.ijsbe.2014.10.001
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and Development.environment and the quality of community health (WHO,
2003). Several comprehensive reviews documented numer-
ous adverse eﬀects of noise exposure, including hearing
impairment, annoyance, sleep disturbance and hypertension
(Thompson, 1981, 1983; Passchier-Vermeer and Passchier,
2000). Among the several abnormalities under highly inten-
siﬁed noise environment, BP is one of the most important
indicators and it is well established that BP is increased after
exposure to industrial noise level greater than 95 dBA
(Andren et al., 1980; Holand et al., 1999). As noise is usually
experienced along with the vibration, there is a combined
assault on the lorry and bus driver from both sources
(Karimi et al., 2010). It is a grave matter of concern for
bus and lorry drivers who already experience elevated stress
from the traﬃc environment during busy schedule of the
work (Whitelegg, 1955). Some longitudinal and cross-
sectional studies showed that bus drivers had a high riskduction and hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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and Suadicami, 1993; Netterstrom and Juelm, 1988). Traﬃc
noise is a major environmental pollution in developed and
developing nations (Karimi et al., 2010). Vehicle drivers
are the obligatory victim of such noise of high intensity
for long duration. One study conducted by Patwardhan
et al., (1991) in India has shown that about 89% bus drivers
who were exposed to 89–106 dB (A) noise had abnormal
audiograms i.e. they had impaired hearing. Another cross-
sectional study conducted by Abdelmoneim (2003) on 62
long distance bus drivers and 46 city bus drivers reported
that long distance bus drivers’ workload and hearing
impairment were signiﬁcantly higher than those of city
drivers. The prevalence of hearing loss and hypertension
was also higher among the long distance drivers.
Mukherjee (2003) investigated on the occupational
confounding agents (Noise, heat, dust and volatile organic
compounds) of bus drivers in Kolkata, India and indicated
that the drivers undertaking three consecutive trips within
Kolkata city had higher noise exposure than the
recommended standard.
Keeping in view of above occupational hazards, a com-
parative study has been undertaken that deals with the car-
diovascular phenomenon eﬀect between bus and truck
drivers who are constantly exposed to such heavy engine
noise.
2. Methodology
2.1. Data collection
Data were collected from bus stands of two district
towns (Tinkonia bus stand (231404700 N, 875201000 E)
Burdwan and Suri Bus stand (235401300 N, 873104100 E)
Suri, Birbhum, West Bengal). Noise reading was recorded
when bus entered to the town and recording was completed
before reaching the bus stand. But noise from the cabin of
truck was collected during perking near the roadside (G.T.
Road, Burdwan). Health related data were collected from
the drivers of bus and truck through questionnaire immedi-
ately after reaching at bus stand and road side hotel,
respectively.
2.2. Questionnaire
The questionnaire consisted of two segments. The ﬁrst
part comprised general socio-demographic data: driver’s
age(y); driving period(y); vehicle age(y); humidity level
inside the cabin (%). The second part of the questionnaire
contains physiological disorder of driver: vision problem;
hearing problem; irritation; back pain and digestion
problem.
2.3. Anthropometric measurement
Body height was measured to the nearest 0.5 cm. Body
weight was measured on a digital scale to the nearest0.1 kg. The drivers’ body weights were measured in light
clothes and bare foot. Body mass index (BMI) was
calculated as a quotient between body weight in kilograms
and squared body height in meters.
2.4. Blood pressure and heart rate measurement
Drivers’ blood pressure was measured using a sphygmo-
manometer (Model No. 114601, Japan). Cuﬀ size of
10.5  25.5 cm or 20  35 cm were used according arm
measurement criteria (Kirkendall et al., 1981) concerning
medical devices. Measurements were performed after a
ﬁfteen minute rest, in a sitting position, with the right
arm at the heart level. Two measurements were performed
on the right arm with a ﬁve minute interval. If the
diﬀerence between measurements exceeds 5 mm Hg, the
third measurement was performed, and mean values of
systolic and diastolic pressures were calculated. Heart rate
was counted by radial artery palpitation for 1 min. The
measurement was performed by one trained scholar
according to the study protocol. Drivers were not allowed
to talk during measurement session.
2.5. Statistical analysis
Descriptive statistic is presented as mean value ± stan-
dard deviation (SD) for numeric variables. Diﬀerences
between groups in parametric data were tested using
student’s t-test and one-way ANOVA followed by Least
Signiﬁcant Diﬀerence Test (LSD) and post hoc analysis.
Mean Whitney U-test and Chi-square test were used for
nonparametric data. Based on the results of univariate
analyses, variable signiﬁcantly related to blood pressure
and heart rate was included in a multiple linear regression
model and Pearson correlation study. A probability level of
less than 0.05 was accepted as signiﬁcant. Statistical analy-
sis was done by using software SPSS 20 and Minitab 16.
3. Results and discussion
In this study the driving age was 45.65% in the range of
10–25 years and 54.34% in the range of 8–15 years. The
study includes only the male subject with the body weight
varying from 32 to 66 kg. 86% of bus drivers had a body
weight ranging from 45 to 66 kg followed by 8% in the
range of 37–66 kg and 4% in the range of 61–66 kg. The
truck drivers had a lower body weight in the range of
32–55 kg, 71% had 41–50 kg, 10.5% had 32–40 kg and
10.5% had 41–50 kg.
Average humidity levels inside the cabin of bus and
trucks were 86.31% and 84.03%, respectively. Humidity is
an important factor so far as noise is concerned. The statis-
tical results indicated that there is a signiﬁcant diﬀerence
(p < 0.02) between humidity level inside the cabin of buses
and trucks (Table 1), although the noise from both buses
(R2 = 0.0058) and trucks (R2 = 0.0046) does not show
any strong relationship along with the humidity level
Table 1
comparative study between bus and truck with respect to noise, humidity, age of vehicle, systolic and diastolic pressure.
Parameters Bus Truck t-Value Signiﬁcant level
Noise Mean = 97.98 Mean = 99.703 2.089 p < 0.05
r = 3.746 r = 3.793
Max. = 104.6 Max. = 104.20
Min. = 88.6 Min. = 87.2
Humidity (inside the cabin) Mean = 86.72 Mean = 84.026 2.433 p < 0.02
r = 4.289 r = 4.279
Max. = 94.00 Max. = 97.6
Min. = 76.00 Min. = 76.00
Age of vehicle Mean = 13.00 Mean = 10.882 0.911 NS
r = 5.125 r = 3.139
Max. = 27.00 Max. = 20.00
Min. = 2.00 Min. = 3.5
Systolic pressure Mean = 131.72 Mean = 133.03 0.740 NS
r = 8.161 r = 8.006
Max. = 150.00 Max. = 146.00
Min. = 115.00 Min. = 120.00
Diastolic pressure Mean = 82.109 Mean = 82.763 0.984 NS
r = 4.687 r = 4.321
Max. = 100.00 Max. = 95.00
Min. = 75.00 Min. = 72.00
y = -0.416x + 53.762
R2 = 0.0925
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Figure 1. Relation between age of vehicle (yr) and noise inside the cabin
of bus.
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Figure 2. Relation between age of vehicle (yr) and noise inside the cabin
of truck.
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ranges from 88.6 to 102.4 dB with 13% between 88.6 and
90.0 dB and 86.95% between 91 and 102.4 dB. The noise
inside the truck cabin, varied from 87.95 to 103.4 dB.
Only 2% truck had noise below 87.2 dB. The average noise
level (99.70 dB) of truck is much higher than for buses
(97.98 dB) and the diﬀerence is quite signiﬁcant (p < 0.05)
(Table 1). It is usual that noise from vehicle is very much
dependent on the age of the engine. The regression study
between the age of vehicle and noise showed little higher
values for buses than trucks (Figs. 1 and 2). However, aver-
age ages of buses and trucks do not show a signiﬁcant dif-
ference (Table 1). Such high level of noise from the cabin of
buses was reported by Patwardhan et al., (1991).The health status of bus and truck drivers were assessed
by measuring their systolic and diastolic pressure, digestion
problem, hearing loss, vision problem, back pain and irri-
tation or annoyed. The results revealed that systolic blood
pressure varied between 120 and 146, whereas diastolic
pressure ranges from 60 to 86 for bus drivers. The systolic
pressure ranges from 120 and 145 for truck drivers and
diastolic pressure varies between 75 and 95. Moreover,
from the scatter plot analysis it has been found that systolic
(R2 = 0.0056) and diastolic pressure (R2 = 0.0469) of bus
drivers showed a slight dependency with engine noise than
systolic pressure. A reverse trend was recorded for truck
drivers (Systolic, R2 = 0.01; Diastolic, R2 = 0.0015) (Figs. 5
and 6). Result of Paired t-test revealed a non-signiﬁcant
correlation for both the systolic and diastolic pressure for
y = 0.0872x + 77.769
R2 = 0.0058
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Figure 3. Relation between humidity level and noise inside the cabin of
bus.
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Figure 4. Relation between humidity level and noise inside the cabin of
truck.
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Figure 5. Relation between systolic/diastolic pressure and noise inside the
cabin of bus.
202 N.K. Mondal et al. / International Journal of Sustainable Built Environment 3 (2014) 199–206bus and truck drivers (Table 1). The results are consistent
with those reported by Carter et al., (2002) where both
BP and HR (heart rate) increased after noise stimuli.
Another study conducted by Haralabidis et al., (2008)
reported that blood pressure was highly dependent on
noise. The multiple linear regression analysis has been car-
ried out to assess diﬀerent clinical parameters which
directly or indirectly aﬀect the cardiovascular system of
the bus and truck drivers (Tables 3–8). The results demon-
strated that out of the three dependant variables, systolic
pressure, diastolic pressure and pulse rate of bus driver,
only pulse rate showed a signiﬁcant (p < 0.017) correlation
with engine noise (Table 9). However, in case of truck
driver, systolic pressure showed a signiﬁcant relation
(p < 0.052) with driving period, diastolic pressure showed
a signiﬁcant relation (p < 0.000) with age of the vehicles
and pulse rate showed a signiﬁcant correlation with engine
noise (p < 0.015) and driver’s age (p < 0.064) (Table 10).
Based on all these preliminary ﬁndings it may be suggested
that noise may be related to a marked activation of the
neuroendocrine system, resulting in increasing in blood
pressure and heart rate (Mahmood et al., 2008).
Indigestion is a major problem for vehicle drivers. The
Results demonstrated that 65% respondents (truck drivers)
intensely suﬀer from digestion problem where as 76%
truck drivers suﬀer from the same problem. A signiﬁcant
diﬀerence (p < 0.01) was noted between bus and truck
drivers for their digestive problem (Table 2). The associated
problems like back pain, and irritation do not show a
signiﬁcant diﬀerence while hearing loss was signiﬁcantly
diﬀerent (p < 0.01) between bus and truck drivers (Table 2).
Previous literature demonstrated that urban bus drivers are
under high risk of noise induced hearing loss (Lopes et al.,
2012; Santos and Junior, 2009; Fernandes et al., 2005,
2001; Silva and Mendes, 2005).
Correlation analysis of relevant variables obtained from
the questionnaire and blood pressure levels and heart rate of
bus drivers showed that systolic pressure and pulse rate are
signiﬁcantly (p < 0.05) related with body weight and noise
level inside the cabin respectively (Table 9). On the other
hand BMI showed an inverse relationship with body weight
while back pain with irritation (p < 0.05). Again digestion
status of bus drivers showed inverse relation with humidity
level (p < 0.05) inside the bus cabin. Diastolic pressure and
systolic pressure of truck drivers showed a signiﬁcant rela-
tion with age of the vehicles (p < 0.01) and driving period
(p < 0.01) respectively. The pulse rate of truck drivers signif-
icantly (p < 0.01) related with noise level inside the truck
cabin (Table 1). The humidity level inside the cabin showed
a positive relation with vehicle age (p < 0.01) and driving
period (p < 0.01). Our results compared well with some
other studies (Herbold et al., 1989; Karimi et al., 2010).
Herbold et al., (1989) investigated the association between
blood pressure and exposure to road traﬃc noise in
30–69 years age group and found positive association
between exposure to road traﬃc noise and high blood
pressure. In Poland, Lesnik and Malvowiec Dabrowsks
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Figure 6. Relation between systolic/diastolic pressure and noise inside the cabin of truck.
Table 2
Non parametric test with respect to physiological parameter of bus and
truck drivers.
Parameters Bus Truck X2 Signiﬁcant level
Digestion problem 29 31 9.299 p < 0.01
Back pain 29 30 2.484 NS
Vision problem 9 29 38.164 p < 0.01
Hearing problem 12 14 8.451 p < 0.01
Irritation 25 24 0.664 NS
Table 3
Multiple regression analysis between systolic pressure (dependent variable) an
Independent variable B 95% conﬁdence in
Noise 0.230 0.122
Age(y) 4.858  102 0.035
BMI 0.424 0.147
Driving period(y) 8.74  102 0.051
Age of vehicle(y) 2.558  102 0.016
Humidity inside the cabin 0.204 0.124
Constant 85.825 77.612
Table 4
Multiple regression analysis between diastolic pressure (dependent variable) a
Independent variable B 95% conﬁdence in
Noise 0.184 0.194
Age(y) 5.67  102 0.082
BMI 0.131 0.090
Driving period(y) 1.67  102 0.019
Age of vehicle(y) 4.750  102 0.060
Humidity inside the cabin 3.21  103 0.004
Constant 68.154 59.831
Table 5
Multiple regression analysis between pulse rate (dependent variable) and relev
Independent variable B 95% conﬁdence in
Noise 0.568 0.387
Age(y) 0.270 0.253
BMI 0.502 0.223
Driving period(y) 0.193 0.145
Age of vehicle(y) 4.97  102 0.041
Humidity inside the cabin 7.22  103 0.056
Constant 19.964 11.341
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caused by noise of 70 dB. Evans et al., (2001) conducted a
study among children and showed that systolic blood
pressure was increased due to noise exposure. The actual
mechanism responsible for increase in blood pressure and
heart rate is not yet completely understood (Mahmood
et al., 2008). Similar ﬁndings of the cardiovascular and
hearing impairment among the automobile drivers are alsod relevant variables in the study population of bus drivers (n = 46).
terval for B Standard error t p Value
0.325 0.708 0.483
0.222 0.219 0.828
0.468 0.907 0.370
0.297 0.297 0.770
0.262 0.098 0.923
0.273 0.748 0.459
46.156 1.859 0.071
nd relevant variables in the study population of bus drivers (n = 46).
terval for B Standard error t p Value
0.161 1.142 0.260
0.110 0.516 0.609
0.232 0.113 0.577
0.147 0.297 0.911
0.130 0.365 0.717
0.135 0.024 0.981
22.897 2.977 0.005
ant variables in the study population of bus drivers (n = 46).
terval for B Standard error t p Value
0.227 2.502 0.017
0.155 1.742 0.089
0.327 1.538 0.132
0.207 0.929 0.358
0.155 0.271 0.089
0.191 0.379 0.707
32.245 0.619 0.539
Table 6
Multiple regression analysis between systolic pressure (dependent variable) and relevant variables in the study population of truck drivers (n = 36).
Independent variable B 95% conﬁdence interval for B Standard error t p Value
Noise 1.084  102 0.005 0.361 0.030 0.976
Age(y) 9.536  102 0.035 0.261 0.365 0.718
BMI 0.375 0.147 0.594 0.631 0.804
Driving period(y) 0.797 0.051 0.483 2.027 0.052
Age of vehicle(y) 0.142 0.016 0.052 0.250 0.804
Humidity inside the cabin 0.259 0.124 0.476 0.544 0.591
Constant 100.886 92.831 54.067 1.866 0.072
Table 7
Multiple regression analysis between diastolic pressure (dependent variable) and relevant variables in the study population of truck drivers (n = 36).
Independent variable B 95% conﬁdence interval for B Standard error t p Value
Noise 0.269 0.238 0.176 1.530 0.137
Age(y) 0.276 0.305 0.127 2.173 0.038
BMI 4.975  102 0.003 0.289 0.017 0.986
Driving period(y) 0.258 0.187 0.235 1.097 0.282
Age of vehicle(y) 1.097 0.708 0.277 3.965 0.000
Humidity inside the cabin 0.206 0.158 0.232 0.887 0.382
Constant 106.185 98.633 26.346 0.017 0.000
Table 8
Multiple regression analysis between pulse rate (dependent variable) and relevant variables in the study population of truck drivers (n = 36).
Independent variable B 95% conﬁdence interval for B Standard error t p Value
Noise 0.475 0.420 0.184 2.579 0.015
Age(y) 0.257 0.283 0.133 1.927 0.064
BMI 0.438 0.233 0.303 1.447 0.159
Driving period(y) 0.267 0.194 0.246 1.084 0.287
Age of vehicle(y) 1.68  102 0.011 0.290 0.058 0.954
Humidity inside the cabin 0.255 0.196 0.243 1.052 0.301
Constant 9.951 3.201 27.565 0.361 0.721
Table 9
Correlation between health parameters and anthropometric parameters among bus drivers.
1 2 3 4 5 6 7 8 9 10 11 12 13 14
2 0.203
3 0.152 0.042
4 0.029 0.023 0.048
5 0.059 0.370* 0.022 0.305*
6 0.024 0.143 0.127 0.026 0.083
7 0.013 0.272 0.008 0.020 0.105 0.155
8 0.090 0.240 0.045 0.040 0.184 0.161 0.173
9 0.033 0.180 0.256 0.016 0.088 0.117 0.281 0.036
10 0.117 0.040 0.027 0.156 0.070 0.075 0.400* 0.205 0.077
11 0.116 0.057 0.335* 0.187 0.149 0.079 0.002 0.023 0.160 0.096
12 0.000 0.199 0.110 0.157 0.136 0.061 0.204 0.345 0.212 0.144 0.046
13 0.258 0.029 0.198 0.166 0.193 0.091 0.013 0.045 0.160 0.032 0.081 0.301*
14 0.140 0.137 0.011 0.079 0.354* 0.256 0.043 0.216 0.111 0.041 0.250 0.120 .0123
1: age of driver; 2: age of vehicle; 3: back pain; 4: body mass index; 5: diastolic pressure; 6: digestion problem; 7: driving period; 8: hearing problem;
9: humidity; 10: irritation 11: noise inside the cabin; 12: pulse rate; 13: systolic pressure; 14: vision problem.
* Correlation signiﬁcant at 0.05 level (2-tailed).
**Correlation signiﬁcant at 0.01 level (2-tailed).
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Table 10
Correlation between health parameters and anthropometric parameters among truck drivers.
1 2 3 4 5 6 7 8 9 10 11 12 13 14
2 0.029
3 0.155 0.329
4 0.064 0.436** 0.076
5 0.303 0.546** 0.265 0.224
6 0.264 0.004 0.273 0.095 0.294
7 0.068 0.270 0.227 0.049 0.015 0.225
8 0.116 0.101 0.294 0.045 0.215 0.220 0.015
9 0.071 0.500* 0.014 0.250 0.110 0.009 0.506** 0.122
10 0.066 0.217 0.378* 0.182 0.186 0.152 0.075 0.164 0.037
11 0.196 0.170 0.002 0.056 0.027 0.178 0.343* 0.311 0.128 0.224
12 0.323 0.321 0.108 0.292 0.288 0.119 0.138 0.110 0.273 0.095 0.395*
13 0.020 0.268 0.183 0.180 0.129 0.080 0.472** 0.089 0.365* 0.085 0.120 0.184
14 0.018 0.164 0.075 0.150 0.104 0.072 0.019 0.077 0.070 0.194 0.194 0.077 0.286
1: age of driver; 2: age of vehicle; 3: back pain; 4: body mass index; 5: diastolic pressure; 6: digestion problem; 7: driving period; 8: hearing problem;
9: humidity; 10: irritation 11: noise inside the cabin; 12: pulse rate; 13: systolic pressure; 14: vision problem.
* Correlation signiﬁcant at 0.05 level (2-tailed).
** Correlation signiﬁcant at 0.01 level (2-tailed).
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et al., 1991) that deﬁnitely support the present ﬁndings.
4. Conclusion
The present study revealed that vehicle-engine noise has
detrimental eﬀects on both bus and truck drivers. The aver-
age noise level inside the cabin of truck is higher than bus.
The cardiovascular parameters like diastolic pressure and
systolic pressure of truck driver showed a signiﬁcant rela-
tion with age of vehicle and driving periods of drivers.
The systolic pressure and pulse rate signiﬁcantly related
with body weight and noise level inside the bus cabin,
respectively. The results also revealed that 65% of bus driv-
ers intensely suﬀer from digestion problem while it is 76%
for the truck drivers. The study strongly recommends that
vehicle engines should be noise proof and internal decorat-
ing of the bus and truck cabin should be engineered in such
a way so that vehicle cabin would be absolutely noise free.Acknowledgments
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